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(54) Via capacitor 

(57) A capacitor includes a first conductive layer dis- 
posed outwardly from a semiconductor substrate and 
comprising a first plate and a second plate. The capac- 
itor also includes a first via layer disposed outwardly 
from the first conductive layer and comprising a first via 
coupled to the first plate and a second via coupled to 



the second plate. The first and second yias are separat- 
ed by a dielectric and are operable to be charged with 
different potentials to establish a capacitance between 
the first and second vias. The capacitor further includes 
a second conductive layer disposed outwardly from the 
first via layer and comprising a third plate coupled to the 
first via and a fourth plate coupled to the second via. 
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Description 

TECHNICAL FIELD OF THE I^ENTION 

[0001] This Invention relates generally to the field of 
electronic devices and, more particularly, to a via capac- 
itor. 

BACKGROUND OF THE INVENTION 

[0002] Capacitors are typical elements in integrated 
circuits. Decreasing the size of integrated circuits often 
leads to a corresponding decrease in the size of the ca- 
pacitors used in those circuits. As the size of the capac- 
itors decreases, difficulty may be encountered in main- 
taining a high capacitance, which often leads manufac- 
turers to fabricate capacitors with higher densities in or- 
der to maintain a high capacitance. However, conven- 
. tional high density capacitors typically require additional 
steps to fabricate, resulting in higher manufacturing 
costs. 

[0003] In an effort to maintain capacitance levels with- 
out increasing fabrication costs, manufacturers of inte- 
grated circuits may use larger capacitors rather than 
smaller, high density capacitors. A disadvantage asso- 
ciated with this method is that the larger capacitors oc- 
cupy physical space that could be used for other phys- 
ical elements of the integrated circuits. 

SUMMARY OF THE INVENTION 

[0004] The present invention recognizes a need for 
an improved via capacitor and a method for manufac- 
turing a via capacitor that reduces or eliminates many 
shortcomings of prior systems and methods. 
[0005] In accordance with one aspect of the present 
invention, a capacitor comprises a first conductive layer 
disposed outwardly from a semiconductor substrate and 
comprising a first plate and a second plate. The capac- 
itor also comprises a first via layer disposed outwardly 
from the first conductive layer and comprising a first via 
coupled to the first plate and a second via coupled to 
the second plate. The first and second vias are separat- 
ed by a dielectric and are each operable to be charged 
with different potentials to establish a capacitance be- 
tween the first and second vias. The capacitor further 
comprises a second conductive layer disposed out- 
wardly from the first via layer and comprising a third 
plate coupled to the first via and a fourth plate coupled 
to the second via. 

[0006] Technical advantages of the present invention 
include the provision of a capacitive structure that uses 
inter-layer vias to contribute to the overall capacitance 
of the structure. While vias have been typically used to 
connect elements in an integrated circuit to a power sup- 
ply, vias are not typically used in conventional capacitors 
and have never been used to actually contribute to the 
capacitance of the device. Conventional capacitors typ- 
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ically include two opp^^fcfr polarized conductive layers 
disposed one on tor^^pe other and separated by a 
dielectric. Due to the typically opposite polarization of 
the two conductive layers, vias have not been used to 
5 connect the conductive layers because using a via to 
connect the layers would create a short circuit. One as- 
pect of the present invention is the use of vias to couple 
. stacked conductive layers and to provide a capacitance 
not only between adjacent plates in the conductive lay- 
10 ers, but also between adjacent vias. This may be pro- 
vided using a unique charging scheme. 
[0007] The invention provides a higher density than 
other typical capacitors without the additional costs typ- 
ically associated with fabricating high density capaci- 
'5 tors. The invention, therefore, may reduce the costs of 
integrated circuits. In addition, multiple alternating lay- 
ers of vias and conductive plates can be disposed one 
on top of the other resulting in a stacked via capacitor 
and further increasing the density of the capacitor. 
20 [0008] A further advantage of the via capacitor is the 
ability to fabricate the capacitors without adding addi- 
tional steps to the fabrication process. The elimination 
of additional fabrication steps offers another cost reduc- 
tion to manufacturers of integrated circuits. 
25 [0009] In addition, the via capacitor can be designed 
to result in a structure more rigid than other typical ca- 
pacitors. As mechanical stresses are applied to an inte- 
grated circuit, typical capacitors may become deformed, 
reducing the effectiveness of the capacitor. The via ca- 
30 pacitor can be structured to resist mechanical stresses 
to a greater degree, increasing the performance of the 
capacitor. 

[0010] Other technical advantages are readily appar- 
ent to one of skill in the art from the attached figures, 
35 description and claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] For a more complete understanding of the 
40 present invention and the advantages thereof, refer- 
ence is now made to the following descriptions taken in 
connection with the accompanying drawings, in which: 

FIGURE 1 is a cross-sectional view of one exem- 
45 plary embodiment of a via capacitor constructed in 
accordance with the teachings of the present inven- 
tion; 

FIGURE 2 is a cross-sectional view of another ex- 
emplary embodiment of a via capacitor constructed 
so in accordance with the teachings of the present in- 
vention; 

FIGURES 3a-3c are cut-away views of the via ca- 
pacitor shown in FIGURE 2 along lines 3A-3C. re- 
spectively; 

55 FIGURES 4a-4d illustrate an exemplary series of 
steps in the formation of a first conductive layer in 
a via capacitor; 

FIGURES 5a-5d illustrate an exemplary series of 
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steps in the formation o^^ia layer in a via capac- 
and 

FIGURES 6a-6d illustra^Wn exemplary series of 
steps in the formation of a second conductive layer 
in a via capacitor. 

DETAILED DESCRIPTION OF THE INVENTION 

[0012] FIGURE 1 is a cross-sectional view of one ex- 
emplary embodiment of a via capacitor 16 constructed 
in accordance with the teachings of the present inven- 
tion. In the illustrated embodiment, via capacitor 16 re- 
sides within an integrated circuit 10. In this example, in- 
tegrated circuit 1 0 comprises a semiconductor substrate 
12, intermediate layer 14 disposed outwardly from sem- 
iconductor substrate 1 2, and capacitor 1 6 disposed out- 
wardly from intermediate layer 1 4. Intermediate layer 14 
may comprise any layer, structure, or combination of 
layers and/or structures of integrated circuit 10 disposed 
inwardly from capacitor 16. In another embodiment, ca- 
pacitor 16 may be in direct contact with semiconductor 
substrate 12 without any intermediate layers and/or 
structures 14 separating semiconductor substrate 12 
and capacitor 16. 

[0013] In the illustrated embodiment, capacitor 16 
comprises alternating conductive layers and via layers. 
A first conductive layer 18 is disposed outwardly from 
semiconductor substrate 12, and a first via layer 20 is 
disposed outwardly from first conductive layer 1 8. A sec- 
ond conductive layer 22 is disposed outwardly from first 
via layer 20 and is coupled to first conductive layer 18 
by first via layer 20. In this document, the term "couple" 
refers to any direct or indirect electrical connection be- 
tween two or more elements. The elements said to be 
"coupled" to one another may or may not physically con- 
tact one another. 

[0014] First conductive layer 18 is disposed outwardly 
from semiconductor substrate 12. In the illustrated em- 
bodiment, first conductive layer 18 comprises two or 
more conductive plates, each separated by a dielectric 
32. In this document, the term "plate" may refer to any 
uniform or nonuniform structure capable of forming a lat- 
eral capacitance with an approximately adjacent struc- 
ture. In this example, first conductive layer 18 is a feed 
layer, the plates of first conductive layer 18 comprising 
a first feed contact 34a and a second feed contact 34b 
disposed approximately adjacent to first feed contact 
34a. Feed contacts 34a and 34b are separated by die- 
lectric 32. Feed contacts 34 are coupled to a power sup- 
ply (not explicitly .shown), which allows feed contact 34a 
to be charged with one potential and feed contact 34b 
with a different potential. In one embodiment, feed con- 
tact 34a is operable to be charged with one potential, 
and feed contact 34b is operable to be charged with an 
approximately equal potential of opposite polarity. 
[001 5] Feed contacts 34 may be formed from any con- 
ductive material or combination of conductive materials 
including, for example, copper, aluminum, tungsten, 



and/or doped polysj^c. Dielectric 32 may comprise, 
for example, silicor^^Bde, silicon nitride, silicon car- 
bide, or any other suitable dielectric material or combi- 
nation of dielectric materials. Dielectric 32 may com- 
5 prise one or multiple layers without departing from the 
scope of the invention. 

[0016] Although the illustrated embodiment shows 
first conductive layer 1 8 as the feed layer, the invention 
is not so limited. Any conductive layer could be coupled 

io to the power supply and serve as a feed layer without 
departing from the scope of the invention. In addition, 
although the illustrated embodiment shows a single feed 
layer operable to couple both potentials to capacitor 16, 
integrated circuit 10 may include multiple feed layers, 

15 each coupling selected nodes 30 of capacitor 16 to a 
particular potential power supply. 
[0017] First via layer 20 is disposed outwardly from 
first conductive layer 18. In the illustrated embodiment, 
first via layer 20 comprises two or more vias coupling 

20 first conductive layer 18 and second conductive layer 
22. In this example, first via layer 20 comprises a first 
via 36a and a second via 36b. Vias 36 are separated by 
dielectric 32. Via 36a is coupled to feed contact 34a, and 
via 36b is coupled to feed contact 34b. Vias 36 may be 

25 formed from any conductive material or combination of 
conductive materials including, for example, copper, 
aluminum, tungsten, and/or doped polysilicon. Identifi- 
cation of vias in this document as a "first via : " a "second 
via," a "third via," etc., is for identification purposes only 

30 and is not intended to limit the number of vias in any 
particular via layer or in capacitor 16. 
[0018] Second conductive layer 22 is disposed out- 
wardly from first via layer 20. In the illustrated embodi- 
ment, second conductive layer 22 comprises two or 

35 more conductive plates, each separated by dielectric 
32. In this example, second conductive layer 22 com- 
prises a first plate 38a and a second plate 38b disposed 
approximately adjacent to first plate 38a. Plates 38 are 
coupled to feed contacts 34 by via layer 20. Plate 38a 

40 is coupled to feed contact 34a by via 36a, and plate 38b 
is coupled to feed contact 34b by via 36b. Plates 38 may 
be formed from any conductive material or combination 
of conductive materials including, for example, copper, 
aluminum, tungsten, and/or doped polysilicon. Identifi- 
es cation of plates in this document as a "first plate," a "sec- 
ond plate," a "third plate," etc., is for identification pur- 
poses only and is not intended to limit the number of 
plates in any particular conductive layer or in capacitor 
16. 

50 [0019] In the illustrated embodiment, capacitor 1 6 has 
two nodes 30a and 30b. Nodes 30a and 30b are sepa- 
rated by dielectric 32. In one aspect of operation, nodes 
30a and 30b are operable to be charged with differing 
potentials, creating a capacitance between feed con- 

55 tacts 34, vias 36, and plates 38 of nodes 30a and 30b. 
In a particular embodiment, nodes 30a and 30b are op- 
erable to be charged with approximately equal magni- 
tude, oppositely polarized charges. 
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[0020J Via 36a couples fe^fcontact 34a and plate 
38a, and via 36a and plate^^r are operable to be 
charged with approximately the same potential as feed 
contact 34a. Via 36b couples feed contact 34b and plate 
38b, and via 36b and plate 38b are operable to be 
charged with approximately the same potential as feed 
contact 34b. Feed contact 34a has a different potential 
than feed contact 34b. The difference in potential, ap- 
propriate selection of dielectric 32 between nodes 30, 
and arrangement of nodes 30 create a lateral capaci- 
tance between feed contacts 34a and 34b in first con- 
ductive layer 1 8 and between plates 38a and 38b in sec- 
ond conductive layer 22. In addition, the arrangement 
and charging of vias 36 along with the presence of die- 
lectric 32 creates an inter-via capacitance between vias 
36a and 36b in first via layer 20. The inter-via capaci* 
tance advantageously contributes to the overall capac- 
itance of capacitor 16. 

[0021 ] Although the illustrated embodiment of capac- 
itor 16 has only two nodes 30a and 30b, capacitor 16 
may comprise any number of nodes 30, and each node 
30 may comprise any number of conductive and via lay- 
ers. In addition, although the illustrated embodiment 
shows a single via coupling each plate 34 to a plate 38, 
any number of vias could be used. 
[0022] Capacitor 16 advantageously provides a high 
capacitance per unit of area. The use of vias 36 between 
conductive layers 1 8 and 22 creates an inter-via capac- 
itance between vias 36 in via layer 20, in addition to the 
capacitance between plates 34 and 38 in conductive 
layers 1 8 and 22. The inter-via capacitance contributes 
to and increases the overall capacitance of capacitor 16. 
Also, capacitor 16 may be fabricated without additional 
steps to the fabrication process, reducing the costs of 
manufacturing capacitor 16. In addition, capacitor 16 
has a structure that is more rigid than the structures of 
other typical capacitors. In the illustrated embodiment, 
vias 36 in via layer 20 provide support for plates 34 and 
38 in conductive layers 1 8 and 22. This support may re- 
duce the amount of deformation of plates 34 and 38 and 
allow capacitor 16 to resist mechanical stresses to a 
greater degree. 

[0023] FIGURE 2 is a cross-sectional view of another 
exemplary embodiment of a via capacitor 1 1 6 construct- 
ed in accordance with the teachings of the present in- 
vention. Capacitor 11 6 comprises a first conductive lay- 
er 118, a first via layer 120, a second conductive layer 
1 22 , a second via layer 1 24, and a third conductive layer 
126. 

[0024] First conductive layer 1 1 8 is disposed outward- 
ly from a semiconductor.substrate 112 and comprises a 
first feed contact 1 34a and a second feed contact 1 34b. 
First conductive layer 118 may be disposed on one or 
multiple intermediate layers and/or structures 114 or di- 
rectly on semiconductor substrate 112. First via layer 
120 is disposed outwardly from first conductive layer 
118 and comprises vias 136a and 136b, and second 
conductive layer 1 22 is disposed outwardly from first via 



layer 120 and comq^^&plates 138a and 138b. First j 

conductive layer 11^BRt via layer 120, and second 
conductive layer 122 may be the same as or similar to 
first conductive layer 18, first via layer 20, and second 

s conductive layer 22, respectively, from FIGURE 1 . 
[0025] In the illustrated embodiment, second via layer 
1 24 is disposed outwardly from second conductive layer 
122 and comprises two or more vias. In this embodi- 
ment, third conductive layer 126 is disposed outwardly 

10 from second via layer 124 and comprises. two or more 
conductive plates. In this example, second via layer 124 
comprises two vias 1 40a and 1 40b, and third conductive 
layer 126 comprises two plates 142a and 142b. A die- 
lectric 132 separates each plate 142 from one another 

'5 and each via 1 40 from one another. 

[0026] Via 140a couples plates 138a and 142a, and 
via 140b couples plates 138b and 142b. Via 140a and 
plate 142a are operable to be charged with approxi- 
mately the same potential as feed contact 1 34a, and via 

20 140b and plate 142b are operable to be charged with 
approximately the same potential as feed contact 1 34b. 
The structural arrangement of the conductive plates, vi- 
as, and dielectric, as well as the difference in potential, 
creates a capacitance between plates 142a and 142b 

25 and an inter-via capacitance between vias 140a and 
140b. 

[0027] Plates 142 and vias 140 may be formed from 
any conductive material or combination of conductive 
materials including, for example, copper, aluminum, 

30 tungsten, and/or doped polysilicon. Dielectric 132 may 
comprise, for example, silicon dioxide, silicon nitride, sil- 
icon carbide, or any other suitable dielectric material or 
materials comprising one or multiple layers. 
[0028] Capacitor 116 may further comprise any 

35 number of alternating via and conductive layers. Each 
plate in each conductive layer in capacitor 116 is cou- 
pled to a plate in another conductive layer by at least 
one via. The vias are arranged and charged so that each 
via having one potential is approximately adjacent to at 

40 least one other via having a different potential, creating 
an inter-via capacitance between the vias in each via 
layer. 

[0029] Although the illustrated embodiment shows 
feed contacts 134 in first conductive layer 118, those 

45 skilled in the art will recognize that feed contacts 134a 
and 1 34b may be fabricated anywhere in capacitor 116. 
Feed contacts 134a and 134b may be located in third 
conductive layer 126 or in any other conductive layer. 
Feed contacts 134a and 134b could also be located on 

50 different conductive layers within capacitor 116. For ex- 
ample, feed contact 1 34a may be fabricated on first con- 
ductive layer 118, and feed contact 134b may be fabri- 
cated on third conductive layer 126. In addition, multiple 
feed contacts may feed each node 130. 

55 [0030] FIGURES 3a-3c are cut-away views of via ca- 
pacitor 116 shown in FIGURE 2 along lines 3A-3C, re- 
spectively. FIGURE 3a is a cut-away view of capacitor 
116 along line 3A illustrated in FIGURE 2, showing first 
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conductive layer 118 and firs^^layer 120. In the illus- 
trated embodiment, fist con^^Be layer 118 is a feed 
layer comprising first feed c^mact 134a and second 
feed contact 1 34b. In this embodiment, first feed contact 
134a comprises a plurality of first feed fingers 150, and 
second feed contact 134b comprises a plurality of sec- 
ond feed fingers 1 52. First feed fingers 1 50 and second 
feed fingers 152 are separated by dielectric 132. In this 
example, first feed fingers .150 and second feed fingers 
1 52 are interlaced such that each first feed finger 1 50 is 
approximately adjacent to at least one second feed fin- 
ger 152. 

[0031] In the illustrated embodiment, first via layer 
120 comprises a plurality of vias 136a coupled to feed 
contact 1 34a and a plurality of vias 1 36b coupled to feed 
contact 134b. Vias 136 are separated by dielectric 132. 
Vias 136a are operable to be charged with approximate- 
ly the same potential as feed contact 134a, { and vias 
1 36b are operable to be charged with approximately the 
same potential as feed contact 134b. Vias 136 are ar- 
ranged and charged so that each via 1 36a is approxi- 
mately adjacent to at least one via 1 36b. The difference 
in potential and dielectric 132 between vias 136a and 
136b creates a capacitance between vias 136a and 
136b. 

[0032] FIGURE 3b is a cut-away view of capacitor 1 1 6 
along line 3B illustrated in FIGURE 2, showing second 
conductive layer 122 and second via layer 124. In the 
illustrated embodiment, second conductive layer 122 
comprises a plurality of plates 1 38a coupled to feed con- 
tact 1 34a and a plurality of plates 138b coupled to feed 
contact 134b. Dielectric 132 separates plates 138 from 
one another. Each plate 138 is coupled to first conduc- 
tive layer 118 by the vias 136 illustrated in FIGURE 3a. 
Vias 136a couple plates 138a to feed contact 134a, and 
plates 138a are operable to be charged with approxi- 
mately the same potential as feed contact 134a. Vias 
136b couple plates 138b to feed contact 134b, and 
plates 138b are operable to be charged with approxi- 
mately the same potential as feed contact 1 34b. The dif- 
ference in potential and presence of dielectric 132 cre- 
ates a capacitance between plates 138a and 138b. 
[0033] In the illustrated embodiment, second via layer 
124 comprises a plurality of vias 140a coupling plates 
138a to third conductive layer 126 and a plurality of vias 
1 40b coupling plates 1 38b to third conductive layer 1 26. 
Vias 140 are separated by dielectric 132. Vias 140a are 
operable to be charged with approximately the same po- 
tential as plates 138a, which have approximately the 
same potential as feed contact 134a. Vias 140b are op- 
erable to be charged with approximately the same po- 
tential as plates 138b, which have approximately the 
same potential as feed contact 134b. Vias 140 are ar- 
ranged and charged so that each via 140a is approxi- 
mately adjacent to at least one via 140b, and the differ- 
ence in potential and presence of dielectric 132 creates 
a capacitance between vias 140a and 140b. 
[0034] FIGURE 3c is a cut-away view of capacitor 1 1 6 



along line 3C illustra^^kFIGURE 2, showing third con- 
ductive layer 126. ll^Wtllustrated embodiment, third 
conductive layer 126 comprises a plurality of plates 
142a coupled to plates 138a and a plurality of plates 
5 142b coupled to plates 138b. Dielectric 132 separates 
plates 142 from one another. Each plate 142 is coupled 
to second conductive layer 1 22 by the vias 1 40 illustrat- 
ed in FIGURE 3b. Vias 140a couple plates 142a to 
plates 1 38a, and plates 1 42a are operable to be charged 

io with approximately the same potential as feed contact 
134a. Vias 140b couple plates 142b to plates 138b, and 
plates 142b are operable to be charged with approxi- 
mately the same potential as feed contact 1 34b. The dif- 
ference in potential and presence of dielectric 132 cre- 

15 ates a capacitance between plates 142a and 142b. 
[0035] FIGURES 4a-4d illustrate an exemplary series 
of steps in the formation of a first conductive layer 18 of 
a via capacitor such as via capacitor 1 6 shown in FIG- 
URE 1. In FIGURE 4a, a dielectric material 160 is 

20 formed outwardly from semiconductor substrate 1 2. Di- 
electric material 160 may be formed directly on semi- 
conductor substrate 12 or on one or more intermediate 
layers and/or structures 1 4. Dielectric material 1 60 may 
comprise any suitable dielectric material or materials 

25 comprising one or multiple layers. In FIGURE 4b, cavi- 
ties 1 62a and 1 62b are formed in dielectric material 1 60 
using any appropriate fabrication process, such as a 
pattern and etch. Cavities 1 62 may be formed to approx- 
imately conform to the shape of feed contacts 34. In FIG- 

30 URE 4c, a conductive material 1 64 is formed outwardly 
from and in cavities 162. Conductive material 164 may 
comprise any conductive material or combination of 
conductive materials. In FIGURE 4d, dielectric material 
160 and conductive material 164 are polished to form 

35 feed contacts 34a and 34b separated by dielectric 1 60. 
[0036] Although the illustrated steps show dielectric 
material 160 being formed before conductive material 
164, the invention is not so limited. The series of steps 
illustrated in FIGURES 4a-4d show one particular ex- 

40 ample of a method of forming feed contacts 34a and 34b 
in first conductive layer 18. These structures could al- 
ternatively be formed using a wide variety of methods. 
For example, conductive material 164 could initially be 
formed outwardly from semiconductor substrate 12 or 

^5 intermediate layer 14 and formed into feed contacts 34 
using any appropriate fabrication process, such as a 
pattern and etch. Dielectric material 160 can then be 
formed outwardly from and between feed contacts 34a 
and 34b. 

50 [0037] In addition, although the illustrated embodi- 
ment shows the formation of feed contacts 34a and 34b 
in first conductive layer 18, similar steps could be used 
to form plates 38 in first conductive layer 18. 
[0038] FIGURES 5a-5d illustrate an exemplary series 

55 of steps in the formation of a via layer of a via capacitor 
such as via capacitor 16 shown in FIGURE 1. In FIG- 
URE 5a, a dielectric material 180 is formed outwardly 
from first conductive layer 18. Dielectric material 180 
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may comprise any suitable d^^ric material or mate- 
rials comprising one or multilayers, and dielectric 
material 1 80 may be the same as or different than die- 
lectric material 160. In FIGURE 5b, cavities 182a and 
1 82b are formed in dielectric material 1 80 using any ap- 
propriate fabrication process, such as a pattern and 
etch. Cavities 1 82 may be formed to approximately con- 
form to the shape of vias 36. In FIGURE 5c, a conductive 
material 1 84 is formed outwardly from and in cavities 
182. Conductive material 184 may comprise any con- 
ductive material or combination of conductive materials, 
and conductive material 184 need not be the same as 
conductive material 164. In FIGURE~5d, dielectric ma- 
terial 180 and conductive material 184 are polished to 
form vias 36a and 36b separated by dielectric 180. 
[0039] Although the illustrated steps show dielectric 
material 180 being formed before conductive material 
184, the invention is not so limited. The series of steps 
illustrated in FIGURES 5a-5d show one particular meth- 
od of forming vias 36a and 36b. These structures could 
alternately be formed using a wide variety of methods. 
For example, conductive material 184 could initially be 
formed outwardly from first conductive layer 1 8 and, us- 
ing any appropriate fabrication process, formed into vias 
36a and 36b. Dielectric material 1 80 can then be formed 
outwardly from and between vias 36a and 36b. 
[0040] In addition, although FIGURES 4a-4d and FIG- 
URES 5a-5d illustrate the formation of first conductive 
layer i 8 and first via layer 20 as two independent series 
of steps, first conductive layer 18 and first via layer 20 
could be formed using an integrated series of steps. For 
example : conductive material 164 could be formed out- 
wardly from semiconductor substrate 1 2 and formed in- 
to feed contacts 34. Dielectric material 160 can be 
formed between feed contacts 34 in first conductive lay- 
er 18 and outwardly in first via layer 20. Cavities 182 
could then be formed in dielectric material 1 60, and con- 
ductive material 184 could be formed outwardly from 
and in cavities 182. Conductive material 184 and die- 
lectric material 160 could be polished to form vias 36 
coupled to feed contacts 34. 

[0041] FIGURES 6a-6d illustrate an exemplary series 
of steps in the formation of a second conductive layer 
22 of a via capacitor such as via capacitor 1 6 shown in 
FIGURE 1. In FIGURE 6a, a dielectric material 200 is 
formed outwardly from first via layer 20. Dielectric ma- 
terial 200 may comprise any suitable dielectric material 
or materials comprising one or multiple layers, and die- 
lectric material 200 need not be the same as dielectric 
material 160 or 180. In FIGURE 6b, cavities 202a and 
202b are formed in dielectric material 200 using any ap- 
propriate fabrication process, such as a pattern and 
etch. Cavities 202 may be formed to approximately con- 
form to the shape of plates 38. In FIGURE 6c, a con- 
ductive material 204 is formed outwardly from and in 
cavities 202. Conductive material 204 may comprise 
any conductive material or- combination of conductive 
materials, and conductive material 204 may be the 



same as or differen^^B conductive material 164 or 
1 84. In FIGURE 6d, cWKtric material 200 and conduc- 
tive material 204 are polished to form plates 38a and 
38b separated by dielectric 200. 

5 [0042] Although the illustrated steps show dielectric 
material 200 being formed before conductive material 
204, other methods, including the method described 
above for first conductive layer 1 8, may be used. Also, 
although FIGURES 5a-5d and FIGURES 6a-6d illus- 

10 trate the formation of first via layer 20 and second con- 
ductive layer 22 as two independent series of steps, first 
via layer 20 and second conductive layer 22 could be 
formed using an integrated series of steps. For example, 
conductive material 164 can be formed outwardly from 

15 semiconductor substrate 12 and formed into feed con- 
tacts 34. Dielectric material 1 60 can be formed between 
feed contacts 34 in first conductive layer 18 and out- 
wardly in first via layer 20 and second conductive layer : 
22. Cavities 202 can be formed in dielectric material 

20 160, and then cavities 182 can be formed in dielectric 
material 160. Conductive material 204 can be formed 
outwardly from and in cavities 1 82 and 202. Conductive 
material 204 and dielectric material 164 can be polished 
to form vias 36 and plates 38. 

25 [0043] In addition, although FIGURES 6a-6d have 
been described as forming plates 38 in second conduc- 
tive layer 22, similar steps could be implemented to form 
feed contacts 34 in second conductive layer 22. 
[0044] Although the present invention has been de- 

30 scribed in several embodiments, a myriad of changes, 
variations, alterations, transformations, and modifica- 
tions may be suggested to one skilled in the art, and it 
is intended that the present invention encompass such 
changes, variations, alterations, transformations, and 

35 modifications. 



Claims 

4° 1. A capacitor comprising: 

a first conductive layer disposed outwardly from 
a semiconductor substrate and comprising a 
first plate and a second plate; 

45 a first via layer disposed outwardly from the first 

conductive layer and comprising a first via cou- 
pled to the first plate and a second via coupled 
. to the second plate, the first and second vias 
separated by a dielectric and each operable to 

50 be charged with different potentials to establish 

a capacitance between the first and second vi- 
as; and 

a second conductive layer disposed outwardly 
from the first via layer and comprising a third 
55 plate coupled to the first via and a fourth plate 

coupled to the second via. 

2. A capacitor as claimed in claim 1 , further compris- 
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ing: 

a second via layer disJJBsed outwardly from the 
second conductive layer and comprising a third 
via coupled to the third plate and a fourth via 5 
coupled to the fourth plate, the third and fourth 
vias separated by a dielectric and each opera- 
ble to be charged with different potentials to es- 
tablish a capacitance between the third and 
fourth vias; and 

a third conductive layer disposed outwardly 
from the second via layer and comprising a fifth 
plate coupled to the third via and a sixth plate 
coupled to the fourth via. 

3. A capacitor as claimed in claim 1 or claim 2, wherein 
the first conductive layer comprises a first feed con- 
tact and a second feed contact, the first feed contact 
coupled to the first via and operable to receive a first 
potential, the second feed contact coupled to the 
second via and operable to receive a second poten- 
tial different than the first potential. 

4. A capacitor as claimed in claim 1 or claim 2, wherein 
the second conductive layer comprises a first feed 
contact and a second feed contact, the first feed 
contact coupled to the first via and operable to re- 
ceive a first potential, the second feed contact cou- 
pled to the second via and operable to receive a 
second potential different than the first potential. 

5. A capacitor as claimed in claim 2, wherein the third 
conductive layer comprises a first feed contact and 
asecondfeed contact, the first feed contact coupled 
to the third via and operable to receive a first poten- 
tial, the second feed contact coupled to the fourth 
via and operable to receive a second potential dif- 
ferent than the first potential. 

6. A capacitor as claimed in claim 2, wherein one of 
the conductive layers comprises a first feed contact 
operable to receive a first potential and another of 
the conductive layers comprises a second feed con- 
tact operable to receive a second potential different 
than the first potential, the first feed contact opera- 
ble to charge th e first and third vias , the second feed 
contact operable to charge the secondhand fourth 
vias. 

7. A capacitor as claimed in claim 1 or claim 2, wherein so 
one of the conductive layers comprises a first feed 
contact operable to receive a first potential and one 

of the conductive layers comprises a second feed 
contact operable to receive a second potential, the 
first feed contact operable to charge the first via and 55 
any via coupled thereto, the second feed contact 
operable to charge the second via and any via cou- 
pled thereto. 



in any preceding claim, 
wherein each v^^^nprises a material selected 
from the group consisting of tungsten, copper, alu- 
minum, and doped polysilicon. 

9. An integrated circuit comprising a capacitor as 
claimed in any preceding claim. 

10. A method of forming a capacitor comprising: 

forming a first conductive layer disposed out- 
wardly from a semiconductor substrate and 
comprising a first plate and a second plate; 
forming a first via layer disposed outwardly from 
the first conductive layer and comprising a first 
via coupled to the first plate and a second via 
coupled to the second plate, the first and sec- 
ond vias separated by a dielectric and each op- 
erable to be charged with different potentials to 
establish a capacitance between the first and 
second vias; and 

forming a second conductive layer disposed 
o utwardly from the first via layer and comprising 
a third plate coupled to the first via and a fourth 
plate coupled to the second via. 

11. A method as claimed in claim 10, further compris- 
ing: 

forming a second via layer disposed outwardly 
from the second conductive layer and compris- 
ing a third via coupled to the third plate and a 
fourth via coupled to the fourth plate, the third 
and fourth vias separated by a dielectric and 
each operable to be charged with different po- 
tentials to establish a capacitance between the 
third and fourth vias; and 
forming a third conductive layer disposed out- 
wardly from the second via layer and compris- 
ing a fifth plate coupled to the third via and a 
sixth plate coupled to the fourth via. 

12. A method as claimed in claim 10 or claim 11 .where- 
in forming the first conductive layer comprises form- 
ing a first feed contact and a second feed contact, 
the first feed contact coupled to the first via and op- 
erable to receive a first potential, the second feed 
contact coupled to the second via and operable to 
receive a second potential different than the first po- 
tential. 

1 3. A method as claimed in claim 1 0 or claim 1 1 , where- 
in forming the second conductive layer comprises 
forming a first feed contact and a second feed con- 
tact, the first feed contact coupled to the first via and 
operable to receive a first potential, the second feed 
contact coupled to the second via and operable to 
receive a second potential different than the first po- 
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tential. 

14. A method as claimed in claim 11 , wherein forming 
the third conductive layer comprises forming a first 
feed contact operable to receive a first potential and 5 
a second feed contact operable to receive a second 
potential different than the first potential, the first 
feed contact operable to charge the first and third 
vias, the second feed contact operable to charge 
the second and fourth vias. io 

1 5. A method as claimed in claim 1 0 or claim 11 , where- 
in forming one of the conductive layers comprises 
forming a first feed contact operable to receive a 
first potential and forming one of the conductive lay- 15 
ers comprises forming a second feed contact oper- 
able to receive a second potential, the first feed con- 
tact operable to charge the first via and any via cou- 
pled thereto, the second feed contact operable to 
charge the second via and any via coupled thereto. 20 

1 6. A method as claimed in any one of claims 1 0 to 1 5, 
wherein each via comprises a material selected 
from the group consisting of tungsten, copper, alu- 
minum, and doped polysilicon. 25 
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